The potential of selected microorganisms to 0-dealkylate alkyl aryl ethers in a manner analogous to mammalian systems has been studied. A total of 45 fungi and actinomycetes were screened for their ability to 0-demethylate 4-methoxybiphenyl. Of the 20 organisms found to actively metabolize this substrate, 5 were chosen for additional study. Incubation with a series of five homologous 4-alkoxybiphenyls, 4-methoxy-, 4-ethoxy-, 4-(1-propoxy)-, 4-(2-propoxy)-, and 4-(1-butoxy)biphenyl, revealed that all were 0-dealkylated by Aspergillus flavus ATCC 24741. With Triton X-100 as a solubilizing agent, the relative rates and extent of 0-dealkylation of the 4-alkoxybiphenyls, were studied with A. flavus. The methoxy and ethoxy derivatives were dealkylated in more than 90%o yield after 72 h of incubation, while the higher homologs were cleaved to the extent of only about 10%. An analogous pattern of 0-dealkylation has been reported in mammalian systems.
Numerous fungi and other microorganisms metabolize foreign organic compounds in a manner similar to that of mammalian systems and serve as a basis for the study of microbial models of mammalian metabolism (9) . Mixedfunction oxygenases similar to those occurring in mammals have been found in certain microorganisms (9; R. V. Smith and J. P. Rosazza, in J. P. Rosazza, ed., Microbial Transformations ofPhysiologically Active Compounds, in press). This is the apparent basis for parallel patterns of aromatic hydroxylation observed with 15 model substrates metabolized by 11 microorganisms (12, 13) . Similar patterns in aromatic hydroxylations of model substrates such as biphenyl by microorganisms typified by Cunninghamella echinulata ATCC 9244 clearly indicate similarities between fungal and mammalian monooxygenase activities (11) .
O-Dealkylation of alkyl aryl ethers in mammals is a monooxygenase-mediated reaction which occurs by hydroxylation of the carbon alpha to the oxygen (1, 7) . In the case of methyl aryl ethers, the unstable hydroxyalkyl intermediate rapidly decomposes to formaldehyde and the corresponding phenol. McMahon and coworkers (8) studied the O-dealkylation of a variety of p-nitrophenyl ethers by rat liver microsomes and in rats. In general, the rates of 0-dealkylation were found to be inversely proportional to the size and complexity of the 0-alkyl functions. Similar results have been reported for a homologous series of 4-alkoxybiphenyls in rat microsomal preparations (4) , as well as in liver preparations from trout and frogs (3).
Microorganisms have been described that catalyze O-dealkylations of a wide array of substrates (9) . There has been, however, little systematic study of O-dealkylation as a reaction type. This paper describes investigations of microbial O-dealkylation of a homologous series of 0-alkyl ethers of 4-hydroxybiphenyl. It was hypothesized that the rates and extents of cleavage of these substrates by microorganisms would parallel those observed for the same and similar substrates in mammalian preparations. This, in turn, would extend the concept of microbial models of mammalian metabolism to 0-dealkylation as a reaction type as has been accomplished with aromatic hydroxylation (12, 13 (5) . Recoveries and validation of the analytical method have been described previously (5) .
Solubility study. Portions (10 mg each) of 4-methoxy-, 4-ethoxy-, 4-(1-propoxy)-, 4-(2-propoxy)-, and 4-(1-butoxy)biphenyl were added to 10-ml silylated screw-cap test tubes. Five milliliters of a 5% solution of potassium dihydrogen phosphate (adjusted to pH 5.5 with 10% potassium hydroxide) was added to each tube containing either 1% Triton X-100, 0.2, 1, or 5% Rate studies. Different rates of O-dealkylation were suggested from the data in Table 1 , but this could reflect different solubilities of the increasingly lipophilic ether substrates. It was desirable, therefore, to define conditions under which complete solution of each substrate was assured so that solubilization would not represent a ratelimiting factor. Since DMF was used as a dispersing agent in the screening studies, higher concentrations of this solvent were explored as a solubilizing agent. Aqueous solutions containing 1 and 5% DMF solubilized 1 and 6 ,ug of 4-methoxybiphenyl per ml, respectively; however, the 5% DMF concentration inhibited the 0-dealkylase of A. flavus by about 50% when compared with the 1% level. Polyethylene glycol 400 (1%) did not significantly solubilize 4-methoxybiphenyl, but Triton X-100 was much more effective. As indicated above (solubility study), the equilibrium solubility of 4-methoxybiphenyl in 1% Triton X-100 is significantly improved over that seen with 1% DMF. Furthermore, the extent of conversion of 4-methoxybiphenyl to 4-hydroxybiphenyl by A. flavus was improved by use of the surfactant. In one set of experiments and at a substrate concentration of 45 ,ug/ml, 84 ± 1% (n = 3) of the 4-methoxybiphenyl was dealkylated in 72 h when Triton X-100 was used compared with only 25 ± 10% (n = 3) when 0.2% DMF was used as the dispersing agent. Whether this effect is due to solubility improvement or to some influence on the permeability of the cell membrane or some combination of the two cannot be discerned from these experiments.
To ensure solubility of all substrates, relative rates of O-dealkylation were followed in 1% Triton X-100 at 100 ,ug of substrate per ml. that the maximum velocity values for the 0-dealkylation of p-nitrophenyl alkyl ethers by rat liver microsomal preparations followed the order methyl > ethyl > 1-propyl = 2-propyl > 1-butyl. A similar pattern for the extent of 0-dealkylation was observed in rats (8) .
Davies and Creaven (4) studied the 0-dealkylation of 4-alkoxybiphenyls using rat liver microsomal preparations and found that the relative rates of 0-dealkylation followed the order methyl = ethyl > 1-propyl > 1-butyl. Interestingly, they also found a differential effect of carcinogenic versus non-carcinogenic inducers on 0-dealkylation. The non-carcinogenic inducers caused similar increases in O-dealkylation of all substrates, while the carcinogenic inducers effected a disproportionately higher induction of O-dealkylation of 4-(1-propoxy) and 4-(1-butoxy)biphenyl versus the lower alkyl homologs. The same rank order of rates of O-dealkylation of 4-alkoxybiphenyls was also reported in liver preparations from trout and frogs. Thus, the 0-dealkylase(s) of A. flavus parallels those observed in higher organisms. Additional studies may allow a determination of the mechanism of the O-dealkylation catalyzed by A. flavus and of the effects of inducers on the 0-dealkylase activity of this and related microorganisms.
